Background
Introduction
Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-associated mortality globally [1, 2] . The incidence of HCC in the developing countries remains high and the incidence in the developed countries is progressively increasing. At present, the screening of HCC in at-risk patients relies on measuring the serum level of alpha-fetoprotein (AFP) and ultrasound examination [3] . However, these screening methodologies are unable to identify the molecular typing of HCC and preoperative tumor grade; AFP's sensitivity in screening of HCC is very limited as increased level of AFP has been reported in many other liver diseases as well [4, 5] . Tumor grade was could be a risk factor for relapse of tumor and it could impact the survival of patients after resection of HCC [6] . Hence, correct diagnosis of tumor grade is important for appropriate selection of therapeutic strategy. Currently, liver transplantation (LT) is the best therapeutic strategy for patients with HCC. However, the Milan criteria [7] select candidate for LT without any consideration of the tumour histology, only based on strict morphologic evaluations. Indeed, the histological examination could play a critical role in the assessment of the biological behavior of the tumor and in determining the patient outcome after LT [8] . According to Hangzhou criteria, determining the degree of differentiation of tumor is one of the important screening criterion to choose the suitable candidates for LT [9] . Accurate tissue diagnosis is usually achieved via percutaneous sampling of tumors. Needle core biopsy (NCB) is a widely used and accepted methods for obtaining tumor tissue samples.
Large core tissue samples could be obtained easily from various parts of a nodule and affected organs through NCB for histological and morphological examinations, which could play an important role in subtyping HCC and assessing the biological behavior of the tumor. Moreover, core biopsy samples can be used in special diagnostic procedures such as immunohistochemistry, biomolecular, and receptor analyses [10] , which further helps to predict the early and late stage recurrence of tumor and the overall survival [11] . NCB is a widely used method to obtain the pre-operative tissue specimen for both HCC diagnosis and grading.
Only few studies assessed the concordance of preoperative diagnosis using NCB with postoperative pathology reports of tumors; however, as the results were inadequate and diversified, no true consensus could be arrived [12] . The present study aimed to assess the accuracy of percutaneous NCB in tumor grading of patients who underwent liver resection for a single nodule HCC and to identify whether the more number of NCB passes could increase the diagnostic accuracy.
Materials and Methods

Patients
A total of 153 patients who were preoperatively diagnosed with HCC through NCB from 2010 to 2012 in the First Affiliated Hospital of Zhejiang University (Hangzhou, China) were retrospectively evaluated. The patients underwent NCB before liver resection for HCC. The study inclusion criteria were as follows: (1) patients with a single nodule HCC, (2) availability of both histological biopsy data and pathology report of surgical specimens for each patient, (3) tumor near the surface. The study exclusion criteria were as follows: (1) Patients received locoregional therapies, (2) patients with multiple nodules, or (3) insufficient sampling specimens for immunostaining. Routine coagulation tests were performed before the NCB to assess the suitability and associated patient's safety. All the patients were well informed about the NCB procedure. The written informed consent was obtained from all the participated patients. Standard clinicopathologic data including age, sex, AFP level, tumor size, vascular invasion (major and microscopic), presence of cirrhosis, and histologic grade were collected. The present study was approved by the Institutional Review Board of the First Affiliated Hospital of Zhejiang University.
Biopsy procedure and samples management
Preoperative NCB was performed using a semiautomatic 19-gauge Trucut core biopsy needle (TSK Laboratory, Japan). The NCBs were performed by an interventional radiologist using an ultra sound-guided technique. Before the procedures, routine coagulation tests were collected and evaluated. Each patients was individually assessed to determine the best access route according to imaging examination. Biopsies were performed with a standard sterile technique and with the patient under local anesthesia with 2% lidocaine. For a patient with a liver nodule, three biopsies were carried out within the lesionand the obtained biopsy specimens were fixed in 10% buffered formalin. Three passes were performed in the middle and both sides of each nodule, respectively. Additionally, three biopsies were carried out during a same operation and the entire process was completed in several minutes. Computed tomography scans were performed immediately after all the procedures to verify the bleeding or accidental injuries. Patients remained under observation for 1 h after the procedure. After fixation, the biopsy specimens were are labeled and embedded in paraffin separately.
Histological diagnosis
At our institution, biopsy and surgical specimens are evaluated by two independent pathologists specializing in liver disease. When the two pathologists got two different conclusions, they need to discuss each other to get a final results. Surgically resected specimens were used as the gold standard for diagnosis of tumor grading. The degree of pathological differentiation of HCC was identified using Edmonson-Steiner classification [13] : G1-G2: well differentiated; G3: moderately differentiated; and G4: poorly differentiated. When observed the same differentiation grade in the entire lesion, HCC was regard as a homogeneously-differentiated carcinoma. Likewise, HCC was considered as a heterogeneously-differentiated carcinoma if several differentiation grades were observed in the lesion.
Immunohistochemistry
To specifically study the correlation between biomarkers and HCC histological grading, paraffin embedded biopsy sample sections were stained with antibody against Ki67. The detailed procedure were described as previously reported. [14] Hematoxylin and Eosin (H&E) staining was performed according to standard protocol.
Statistical analysis
The concordance of tumor grade assessment between the pre-operative NCB and the postoperative pathological staging was evaluated using the k-statistics [15] . Differences in diagnostic accuracy (1 pass vs. 2 passes vs. 3 passes) were evaluated by u-test and Fisher's exact test when appropriate. A p <0.05 were considered statistically significant. The SPSS 13.0 software was used to statistically analyses.
Results
Clinicopathologic characteristics and complications
The clinicopathologic characteristics of the 153 patients are summarized in Table 1 . There were 126 men and 27 women. The mean patient age was 52.37±11.4 years (range: 26-89 years) and the mean tumor size was 5.57±3 cm (range 2-15 cm). A total of 111 patients (72.5%) had cirrhosis. Of the 153 patients 124 (81%) had viral hepatitis B, 5 (3.3%) patients had hepatitis C, and the remaining 24 patients (15.7%) were cryptogenic. A total of 39 patients (25.5%) had the AFP levels of >400 ng/ml. No complications of NCB were recorded in this study.
Histologic data
Heterogeneous HCCs are more common than the homogeneously-differentiated HCCs. As shown in Fig 1, several differentiation grades were simultaneously present in the overall lesion. Therefore, the judgment of histological grading between different pathologists may discrepant. In the present study, a total of 19 cases were discrepant. For these discrepant cases, the two pathologists discussed each other and made a final conclusion by setting up a threshold. In this study, 10% was considered as the boundary value, when the proportion of a higher grade was greater than or equal to 10% in heterogeneous tumors, the higher possible grade was considered as the final diagnostic results. Postoperative pathological examination revealed that 69 out of 153(45.1%) HCCs presented intratumoral heterogeneity. On relating the nodule size with tumor heterogeneity, 11 out of 37 HCCs (29.7%) with nodule size 3cm had heterogeneity, whereas in the other sub-categories of HCCs with nodule sizes of >3 and 5cm, >5 and 8cm, and >8cm, the percentage of intratumoral heterogeneity were 42.6%, 54.5%, and 58.6%, respectively. The results suggested that the risk of histologic heterogeneity increases with increasing nodular size of HCCs. The rate of heterogeneity existed significant difference between HCCs 3 cm and HCCs>8cm (p = 0.0217).
The presence of microvascular invasion in the surgical specimens was observed in 59 HCCs (59/153, 38.6%). According to the tumor grade, the percentage of microvascular invasion HCC in the surgical specimens was as follows: 7 out of 48 (14.6%) well differentiated HCCs, 45 out of 91 (49.5%) moderately differentiated HCCs, and 7 out of 14 (50%) poorly differentiated HCCs.
On comparing the AFP level with tumor differentiation, 60.4% patients with well-differentiated HCC had AFP 20ng/ml. The percentage is much higher than moderately and poorly differentiated HCCs (39.5% and 35.7%, respectively).
Concordance of tumor grade assessment
The concordance between preoperative NCB and final pathologic tumor grade using a 3-tier grading scheme are presented in Table 2 . The diagnostic accuracy of 1 pass, 2 passes, and 3 passes were 73.9%, 81%, and 86.3%, respectively. The result suggested that the overall accuracy was gradually increasing along with the increase of the number of NCB passes. In addition, performing preoperative NCB 3 passes could significantly elevate accuracy compared with 1 pass For HCC with 3cm or >3 and 5cm, no significant difference was observed among the diagnostic accuracy of NCB with passes one, two, and three, respectively. For HCC >5 and 8cm, the accuracy of one pass was 63.3% and the accuracy of passes two and three were 81.8% and 84.8% (P = 0.0495 and 0.0244), respectively. While in the group of HCC >8cm, the diagnostic accuracy of passes one, two, and three were 62.1%, 69%, and 75.8% (P>0.05), respectively. Hence, it was concluded that the concordance of tumor grade between the NCBs and the surgical specimens were higher in early-stage (<3cm) HCC, and for HCC 5cm, one pass NCB was enough to get a high accuracy. However, NCB must be performed at least twice to get better accuracy than only one pass in the group of HCC >5 and 8cm. Meanwhile, increasing the number of NCB passes could improve the NCB diagnostic accuracy for HCC >8cm.
For heterogeneous tumors (69/153 patients), it was found that the increasing number of NCB passes could significantly improve the NCB diagnostic accuracy. The diagnostic accuracy of passes one, two, and three were 27.5%, 53.6%, and 76.8% (P<0.001), respectively.
The long-term survival is similar between patients with well and moderately-differentiated tumors after LT, whereas the patients with poorly-differentiated tumors could have a significantly worse outcome following LT. Hence, a two-tier grading scheme (well-and moderatelydifferentiated vs. poorly differentiated) was established and the results of diagnostic accuracy were shown in Table 3 . Using this two-tier grading scheme, a good diagnostic accuracy could be achieved according to HCC size in the different sub-categories, and there was no obvious difference among different number of passes.
The diagnostic accuracy of NCB in homogeneously differentiated and heterogeneous HCCs
In order to investigate the influence of intratumor heterogeneity on diagnostic accuracy of NCB, the diagnostic accuracy of NCB between homogeneously differentiated and Preoperative Needle Biopsy for HCC heterogeneous HCCs were evaluated. In homogeneously-differentiated HCCs, there was no significant difference among the different number of passes (83.3%, 88.1% and 85.7%, respectively, for passes one, two, and three). However, for HCC with intratumor heterogeneity, the diagnostic accuracy of NCB was raised significantly with increasing number of passes. The accuracy of passes one, two, and three in the heterogeneous HCCs were 55.1%, 72.5%, and 87% (P<0.001), respectively. 
Expression of Ki67 in HCC with different histologic grade
Ki-67 is an important index in diagnosis of tumors, for it can reflect cellular proliferative activity. Meanwhile, the tumors with poorly differentiation usually has a faster growth rate. Hence, we detected the expression of Ki-67 in the biopsy specimens and assessed whether Ki-67 can be used as a possible surrogate biomarker of histologic grade. However, the present study results indicated that there was no correlation between Ki-67 expression and histological grading (S1 Fig) . Therefore, Ki-67 may not an ideal marker of HCC histological grade. Additional biomarkers will be investigated in further study.
Discussion
At present, LT is one of the intervention for patients with HCC [16] , and selecting the appropriate patients who can benefit from LT is crucial for better outcome. LT is superior to resection because of lower tumor recurrence rate and long-term survival of patients. However, the selection criteria of LT Candidates have become more strictly over the last decade. In 1996, Mazzaferro V et al established the Milan criteria: only patients with HCC and cirrhosis who had 3 tumor nodules with maximum diameter of 3 cm or a single tumor 5 cm and no clinically apparent signs of vascular invasion were considered acceptable for transplantation. The strict morphologic criteria can improve the survival of patients with HCC post LT to a great extent [7, 17] . However, although some patients beyond the Milan criteria, they may still benefit from transplantation LT [18] [19] [20] [21] . Growing experience of LT for HCC has suggested that Milan criteria is too restrictive and fail to include the increasing candidate list, particularly in China [22] . The transplantation selection criteria including preoperative tumor grade for those patients exceeding the Milan criteria have been proposed recently [9, 23, 24] . Therefore, in 2008, Hangzhou criteria was proposed to further help to choose the candidates for LT: (a) total tumor diameter less than or equal to 8 cm; or (b) total tumor diameter more than 8 cm, with histopathologic grade I or II and preoperative AFP level less than or equal to 400 ng/mL. A multicenter study including 6012 patients with HCC undergoing LT from the China Liver Transplant Registry (CLTR) suggested the following: Hangzhou criteria expanded the scope of LT compared to Milan criteria for patients with HCC to 51.5% with significantly better overall and tumor-free survival [25] .
The different tumor histologic grade are critical in assessing the prognosis and guiding patient therapy [26, 27] . Currently, NCB is one of the most widely used and accepted methods of needle biopsy. However, as most of the HCCs are heterogeneously-differentiated, the desired diagnostic accuracy cannot be obtained with a single pass NCB of the HCC nodule. NCB is an invasive procedure for the diagnosis of focal liver lesions. Therefore, the present study aimed to identify the balance point between the number of passes and NCB accuracy in HCC. In the present study, preoperative NCB of HCC was compared with the surgical resection specimen with respect to histologic tumor grading. The results of the present study indicated that the preoperative NCB was significantly related to the number of passes and tumor size. Further, the present study results indicated that NCB could be accurate in assessing the tumor grade of early-stage HCC (5cm). For HCC 5cm, one pass NCB is enough to get higher accuracy; however, minimum of two passes are to be performed for better accuracy in HCC >5 and 8cm.
NCB is the only pre-operative method for obtaining liver biopsies to assess the histological grading of the tumor. However, comparing with the pathology conclusion of the surgical specimen, the accuracy of NCB was still under debate. In Colecchia A et al. study, high overall accuracy (91.4%) and low associated complication rate had been reported for early-stage HCC (<5cm) screening with NCB [6] . Whereas in Pawlik et al. study, it was reported that the preoperative histologic tumor grading through NCB was inaccurate due to its low sensitivity (34%) in assessing the tumor grade in poorly-differentiated HCC [12] ; It was concluded that the selection of candidates for LT based on preoperative NCB tumor grade was an inappropriate approach. However, those study findings were just based on a single pass NCB on HCC nodules. Interestingly, in the present study, three NCB passes were performed for each patient in order to assess whether the overall accuracy improved after multiple NCB passes and to evaluate the concordance of NCB versus final surgical specimen. The present study findings suggested that concordance of NCB versus final surgical specimen and the overall accuracy were increased with the increasing number of passes. Using a 3-tier grading scheme for analysis, the overall accuracy was lower than that of Colecchia A et al. even when 3 passes were performed. Meanwhile, the concordance value (0.745 VS 0.72) was higher in comparison with them when 3 passes were performed. Our data suggested that the accuracy of NCB could be elevated by increasing the number of passes. Moreover, the accuracy and concordance of NCB was influenced by the tumor size. The diagnostic accuracy of NCB was higher for smaller HCCs, especially in HCC <3cm. However, the accuracy decreased along with the increase of tumor diameter. In addition, in different subclasses regarding to tumor size, the accuracy obtained from different passes also exist differences. In particularly, in HCC >5 8 cm, 2 passes could significantly increase the accuracy.
Further, in the present study, a 2-tier grading classification was also established: well and moderately differentiated vs. poorly differentiated groups. This grading classification model was chosen because the patients with well-and moderately-differentiated tumors had similar long-term survival after LT. Among the different sub-categories of patients classified based on HCC size, no significant difference in diagnostic accuracy of NCB was observed irrespective of number of passes. Therefore, one pass is adequate to get a better diagnostic accuracy in the screening of patients with HCC for LT. In the present study, the diagnostic accuracy was low at one NCB, and it probably was attributed to the presence of intratumor heterogeneity [15] . In our series, 45.1% of the tumors were heterogeneous. Furthermore, in agreement with others reports [6, 28] , our results suggested that the percent of histologic heterogeneity with regard to tumor differentiation increases with increasing diameter of HCCs. For HCC>8cm, the percent of tumors with heterogeneity was as high as 58.6%. Hence, the decreased NCB accuracy in those patients was attributed to greater heterogeneity, even after 3 passes. In addition, it was found that the reduced diagnostic accuracy caused by tumor heterogeneity could be improved with increasing number of passes, especially in HCC >5 8 cm.
Previous studies [29] [30] [31] [32] have indicated that microvascular invasion is one of the important predictors of tumor recurrence after LT or hepatic resection. However, microvascular invasion, can only be assessed through histopathological examination of liver specimens. Moreover, tumor histologic grade has also been investigated as a possible index of microscopic invasion.
Some studies reported that tumor grade was highly correlated with microvascular invasion. In Esnaola et al study, poorly differentiated tumors were correlated well with microvascular invasion in patients with HCC [33] . Han et al. suggested that the poorly differentiated HCC with mixed histologic grades could determine the prognosis after curative resection of HCC and the microvascular invasion was more frequently observed in poorly differentiated group [34] . In the present study, close relationship was observed between the tumor grade and microvascular invasion. In moderate and poorly differentiated groups, the percentage of microvascular invasion was 49.5% and 50%, respectively, whereas in well-differentiated group, only 7(14.6%) patients presented microvascular invasion. These findings were consistent with previous published data.
In the current study, 3 passes were performed for each patient. Pawliket al. reported that multiple NCBs may be inadvisable because it may associated with an increased incidence of tumor recurrence [12] . Moreover, it was reported that complications of NCB were increased when more than three passes were made [35] . However, no serious NCB complications were observed in the present study. It might be because of the good clinical condition of the patients as well as NCBs were performed by an experienced surgeon. Moreover, increased complications of NCB were reported when it was performed by less-experienced clinicians [36] . The reported rate of dissemination of HCC along the biopsy needle track has ranged between 0% and 5% [37] [38] [39] . However, in the present study, no patients with dissemination of the tumor along the needle track was identified. Some researchers have claimed that needle size, number of passes, tumor size, and differentiation grade are some of the risk factors of tumor implantation along the needle track during NCB [39] , while others have stated that true risk factors are unidentified. Meanwhile, some investigators have suggested that the spread of the tumor along the needle track can often be treated effectively by local resection and it rarely leads to fatal outcome [40, 41] . In the present study, the patients will be followed up closely to observe the incidence of needle tract seeding following biopsy.
In conclusion, the present study data suggested that the diagnostic accuracy of NCB was associated with tumor size and the number of passes. Using a 3-tier grading scheme, tumor grade of early-stage (<5cm) HCC can be assessed accurately with ultrasound-guided NCB. For HCC 5 and <8cm, minimum of two passes are required to obtain a good result in the assessment of tumor grade with NCB. In addition, in the screening of patients with HCC for orthotopic LT, one pass preoperative NCB is adequate to get acceptable diagnostic accuracy of histologic grade of HCC. 
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